Medical genetics was revolutionised during the 1980s by the application of genetic mapping to locate the genes responsible for simple Mendelian diseases. Most diseases, however, do not follow simple inheritance patterns, and geneticists have now taken up the even greater challenge of the genetic dissection of complex diseases such as hypertension, ischaemic heart disease, and asthma. This editorial sets out to review recent work which has attempted to determine the genetic basis of atopy and asthma with a focus on immunopharmacological mechanisms. The review excludes recent reports of 1B adrenoceptor polymorphisms, asthma severity, and bronchodilator responsiveness, nor do we discuss the genetics of chronic obstructive pulmonary disease (COPD) which have recently been reviewed elsewhere. ' 2 One of the first problems encountered in this endeavour is definition of the phenotype. Asthma is a clinical diagnosis with no foolproof diagnostic test, so surrogate markers for the disease are used including atopy, bronchial hyperresponsiveness, and clinical history. Inevitably this leads to disagreement between various research groups and an inability to compare results achieved using different definitions. Genetic heterogeneity, incomplete penetrance, and environmental factors may also confound statistical analysis and make it difficult to reproduce positive findings.
Strategies for determining the genetic basis for asthma and allergy include using random markers to screen the entire genome looking for evidence of linkage to the disease or disease associated traits; this approach is now feasible given the increasing number of DNA polymorphisms available for such a purpose and has been used successfully by Todd's group in Oxford in their search of the human genome for genes that predispose to type 1 insulin dependent diabetes mellitus.3 Another approach would be to examine markers in and around candidate loci whose products are thought to be important in the pathogenesis of the disease; examples of this include the IgE receptor on chromosome 11, the cytokine cluster on chromosome 5, and the T cell receptors on chromosomes 7 and 14. Both these approaches have been used in recent studies on the genetics of asthma and atopy.
IgE, atopy and asthma Problems with definition of the asthma phenotype have led researchers to study atopy, a major risk factor for the development of asthma, as characterised by a persistent IgE-mediated response to common environmental allergens. Atopy, which contributes to diseases such as asthma, eczema, and allergic rhinitis, is defined as a disorder of the IgE response to common allergens such as pollen, animal dander, house dust mites, and fungi. with asthmatic members were recruited -two by means of letters to general practitioners and one in response to an article in the local newspaper. It was felt that the inheritance pattern of atopy with particular regard to the extended families clearly indicated autosomal dominant transmission. With such a broad definition of atopy and the inclusion of extended pedigrees with such a strong history of atopy, it is difficult to reject an autosomal dominant model, but this does not necessarily imply that it is correct. Furthermore, when the same group undertook segregation analysis on an Australian cohort of 234 random families "adjusting" total IgE for atopy, they reported a major recessive gene which does not seem consistent with the previously held view of atopy as an autosomal dominant trait. 27 Chromosome llq In 1989 the Oxford group presented evidence for a single major autosomal dominant "atopy gene" linked to the D I I S97 marker on chromosome 1 1 qi 3 with strong evidence for linkage (lod score=5 58) at a recombination fraction of0-1. Most ofthe lod score (3 14) was contributed by a single family having 23 meioses.28 A second study to confirm this finding was undertaken on a sample of 64 nuclear families recruited from asthma and allergy clinics and by appeal in the media. Linkage analysis to Dl1S97 this time provided a lod score of 3-80 at a recombination fraction of 0.07.29 Pooling of these two samples gave a lod score of 9 33 at a recombination fraction of 0-92. In a summary paper, a lod score of 10 was reported on a sample of "over 800 individuals from over 50 birth. One hypothesis that might explain this phenomenon is that disproportionate fetal growth resulting in a larger head circumference at birth may be associated with impaired thymic development with a diminished production of Thl cells which are more sensitive to adverse environmental stimuli.43 Thl cells produce interferon y, low levels of which at birth are thought to be a risk factor for the development of atopy. 4445 Although several groups have failed to replicate the findings of the Oxford group,4 50 all the studies cited have used different definitions and protocols, and on the whole sample sizes were small. We have also attempted to replicate the Oxford data on a large sample of 131 families recruited at random from general practitioner registers in Wessex. The families were selected solely for having three or more children, and all were typed for three markers on chromosome 1 q. Using combined segregation and linkage analysis, no evidence was found for linkage to atopy, and mother-child and father-child correlations were virtually identical, making it difficult to substantiate imprinting of either parent.5' Neither is the theory of paternal imprinting supported by expression studies of imprinting from the homologous region ofthe mouse genome.52 To substantiate the findings reported by the Oxford group on chromosome 1 Iq, further studies are needed in populations enriched for asthma.
Chromosome 14
Atopic individuals differ in the allergens to which they react. The difference is clinically important, since asthma and bronchial hyperresponsiveness may be associated with allergy to house dust mite antigen but not necessarily to grass pollen. 53 Genetic regulation of specific IgE responses is probably different from that of the general atopic response. Specific IgE reactions might be constrained by variation in the HLA or T cell receptor (TCR) proteins, since these molecules are central to the handling and recognition of foreign antigens.54 The role of the TCR in allergic reactions is unclear. The receptors consist of ot and 1 chains; the former arises from chromosome 14 and the latter from chromosome 7. Genetic linkage has recently been shown between specific IgE reactions to highly purified major allergens and the TCR-oc complex on chromosome 14. Antigens tested included highly purified proteins from the house dust mite, Dermatophagoides pterynissinus, the domestic cat and dog, grass pollen, and the mould Alternaria alternata. Two independent sets of families, one British and one Australian, were studied. No linkage of IgE serotypes to TCR-,B microsatellite alleles was found, but significant linkage to TCR-oc microsatellite alleles was seen in British sibling pairs with IgE responses to the house dust mite (p = 0-000 1). In Australian subjects there was excess sharing of alleles in siblings responsive to grass pollen (p<0005). It has been concluded that a gene in the TCR-ot region modifies the specific IgE response. IgE antibody by the multiallergen test and analysis of only "non-atopic" individuals strengthened the evidence for linkage with total IgE, the p value for IL4-R1 improving further to 0 000004.
Marsh employed complex segregation analysis to analyse the distribution of total IgE among the 170 Amish family members and found significant evidence for the genetic determination of total IgE with a dominant high IgE model being slightly favoured over the dominant low model. When both of these models were used in lod score analyses, the data were consistent with linkage to the 5q3 1.1 markers in each case, with the maximum lod scores being in the range of 1-5-2 0. These workers interpret their findings as demonstrating a likely role for IL-4 or neighbouring gene in determining non-cognate IgE production.
Further evidence for the potential importance of the cytokine cluster on chromosome 5q has been provided by the study of Meyers et al.62 Segregation analysis was performed on data from 92 families from Northern Holland ascertained through a parent with a diagnosis of asthma who were first studied approximately 25 years ago. Families were selected through a proband with symptomatic asthma who met the following criteria at the time of the first study: <45 years of age, bronchial hyperresponsiveness to histamine, and non-smoking. The original evaluation included skin tests to a variety of allergens, blood and sputum eosinophil counts, pulmonary function testing, and bronchial responsiveness to histamine. Total serum IgE levels were not measured during the initial evaluation. Current evaluation included a standardised respiratory questionnaire, pulmonary function testing, bronchial responsiveness to inhaled histamine, skin tests, specific IgE to house dust mite and grass mix, and total IgE. Genotyping was performed on 55 families and the following markers were tested for linkage: IL-9, D5S393, fibroblast growth factor acidic (FGF-A), D5S436, colony stimulating factor-1R (CSF-1R), D5S410, D5S412, and D5S415. The first two of these were also used by Marsh and both were found to be significant. Linkage was looked for using the sibling pair method and the lod score method using the genetic model obtained from the segregation analysis of recessive inheritance of high IgE levels. Positive evidence for linkage of a gene for IgE production was found to IL-9 (p =NS), D5S393 (p=0-01), D5S436 (p<0 0005), and CSF-1R (p<0.05). Lod scores for these markers ranged from 0-82 to 3-61.
The work by Marsh et al was carried out in the Amish population, a genetically isolated group, and the study by Meyers et al looked at a population selected for asthma but examined for atopy. With a trait as common as atopy affecting up to 40% of the population, it is important to perform linkage studies in a random population selected without reference to atopy. This was undertaken in a random sample of 131 families with three or more children from general practice registers in and around Southampton. The families comprised 685 individuals (262 parents and 423 offspring). The mean age of the parents was 41 5 years (range 31-58 years) and of the children 12-9 years (range 2-30 years). Seventeen (6-5%) of the parents had selfreported asthma, while 83 (19 8%) of children had self or parent-reported asthma, consistent with the prevalence of asthma in southern England. One hundred and seven (40 8%) 
